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cGMP; SOC; nitric oxide; SNP GLOMERULAR MESANGIAL CELLS are smooth muscle-like cells that surround the filtration capillaries of the glomerulus. Mesangial cells respond to cytokines and other pathogens of chronic renal disease by proliferating and secreting an extracellular matrix that ultimately compromises glomerular filtration rate (1, 9, 62) . Within the glomerulus, at least two isozymes of NOS are present: mesangial cells contain inducible nitric oxide synthase (iNOS) (51) , and glomerular endothelial cells contain endothelial NOS (27) . Under various conditions, these NOS isoforms generate nitric oxide (NO), which can have either deleterious or beneficial effects on renal function. Excess glomerular generation of NO may contribute to the hyperfiltration often characteristic of early type 1 and type 2 diabetes mellitus (32) . On the other hand, NO reduces proliferation and mesangial matrix deposition in response to TGF-␤ (10) or stretch-activated protein kinases (28) . In cultured vascular smooth muscle cells, which are phenotypically similar to mesangial cells, the NO-cGMP-kinase pathway is antiproliferative (15, 18) , prevents dedifferentiation, and slows angiotensin II-induced migration (16) . Several studies have shown that the antimitogenic effect of NO is due to suppression of mitogen-induced transcription factors (21, 38, 47) .
The role of intracellular Ca 2ϩ in the activation of transcription factors has been well described in past studies (13, 19, 48) . Proliferating cells require elevated concentrations of cytoplasmic Ca 2ϩ and sarcoplasmic reticulum Ca 2ϩ stores (23, 50) , which are necessary for the activation of downstream Ras/ERK signaling pathways (43) . That second messengeroperated channels were responsible for EGF-stimulated Ca 2ϩ influx was shown initially by Sawyer and Cohen (49) . It was subsequently found that Ca 2ϩ entry is necessary for progression of the cell cycle (17, 33, 50) . Thus the activation of plasmalemmal Ca 2ϩ channels ensures an adequate concentration of intracellular and perhaps nuclear Ca 2ϩ for the functioning of the enzymes that are stimulated in the process of proliferation.
Store-operated Ca 2ϩ channels (SOC), activated on depletion of endoplasmic reticulum (ER) calcium stores, are formed by Orai proteins (20) , which express as Ca 2ϩ -selective ion channels (I CRAC ), or members of the TRPC subfamily, nonselective cation channels that are a branch of the transient receptor potential (TRP) superfamily of cation channels. The signal from the depletion of calcium from ER stores to the activation of SOC is mediated by STIM1 (37, 46) , which acts as a molecular messenger between the ER and SOC in mesangial cells (66) , associates with TRPC1, TRPC4, and TRPC5, and appears to regulate their function as SOC (65) .
In mesangial cells, SOC are composed of TRPC4 (60) and probably TRPC1 molecules (14, 53) . It is now recognized that dysfunctional regulation of TRPC channels can result in cellular dedifferentiation and proliferative pathology. A recent study suggests that the dysfunctional regulation of TRPC6 channels plays a role in the development of renal failure resulting from focal segmental glomerulosclerosis (45) .
Several studies have shown that cGMP regulates Ca 2ϩ signaling and SOC activity in a negative manner (2, 5, 35) . cGMP inhibits proliferation of colon cancer cells by inhibiting SOC (31) . Thus cGMP is part of a second messenger pathway that attenuates SOC and prevents cellular proliferation and dedifferentiation of a variety of cell types. Vasodilator-stimulated phosphoprotein (VASP), abundantly expressed in mesangial cells (22, 26) , plays an important role in the regulation of cytoskeletal dynamics and cell migration (36, 44) . Fibroblasts derived from VASP Ϫ/Ϫ mice exhibit increased motility, suggesting that VASP inhibits cell migration (3, 40) . There are two major phosphorylation sites on VASP. Serine 157 (Ser157) is PKA specific, whereas serine 239 (Ser239) is specific for PKG. Phosphorylation of VASP at Ser239 by PKG inhibits growth of vascular smooth muscle (7), in part, by capping actin filaments, resulting in filament retraction (24) .
VASP and SOC are both involved in cellular dedifferentiation and cellular migration in various cells. The experiments performed in this study were designed to investigate two hypotheses: 1) the NO-cGMP-PKG axis mediates an attenuation of TRPC4-mediated Ca 2ϩ entry in HMC, and 2) phosphorylation of VASP at Ser239 causes its association with TRPC4 in the plasma membrane. This study could lead to establishing a role for the phosphorylation state of VASP to govern calcium entry via SOC channels.
METHODS
Culture of mesangial cells. Human glomerular mesangial cells (HMC) were cultured (8, 55) in DMEM, with 10 mM HEPES (pH ϭ 7.4), 2.0 mM glutamine, 0.66 U/ml insulin, 1.0 mM sodium pyruvate, 0.1 mM nonessential amino acids, 100 U/ml penicillin, 100 g/ml streptomycin, and 20% fetal bovine serum. When the cells reached confluency, they were passed onto 22 ϫ 22 coverslips and studied within 56 h. All experiments employed HMC in passages 6 -10. We found no differences in SOC activity within this span of passages.
Fura 2 fluorescence. Intracellular Ca 2ϩ concentration ([Ca 2ϩ ]i) was measured using the fura 2 fluorescence method of dual excitation wavelength microscopy, as previously described (25, 39) . Briefly, cells were incubated for 60 -90 min in physiological saline solution (PSS) containing 135 mM NaCl, 5 mM KCl, 2 mM MgCl 2, 1 mM CaCl2, 10 mM HEPES, 7 M fura 2 (fura 2-AM, 50 ug), 0.09 g/dl DMSO, and 0.018 g/dl Pluronic F-127 (Molecular Probes, Eugene, OR). For some cell preparations, either sodium nitroprusside (SNP; 100 M), 8-bromo-cGMP (8-Br-cGMP; 100 M) or 8-Br-cGMP plus DT-3 (2.5 M ) were added 15 min before the start of the Ca 2ϩ measurement. After loading with fura 2, HMC were placed on the stage of a Nikon Diaphot-300 inverted microscope and perfused with PSS. The cells were then illuminated alternately at excitation wavelengths of 340 and 380 nm (bandwidth ϭ 3 nm) with light from a DeltaScan dual monochromator system (Photon Technology International, Monmouth Junction, NJ). To limit detection of emitted fluorescence to a single cell (510 nm; 20-nm band pass), an adjustable optical sampling window was positioned within the path of light before detection by a photon-counting photomultiplier. Background-corrected data were collected at a rate of 5 points/s, stored, and analyzed using the Felix Software Package (Photon Technologies). Calibration of the fura 2 signal was done as previously described (25, 39) . The addition of EGTA reduced the bath [Ca 2ϩ ] to less than 10 nM. Store-operated channel activity was measured as previously described in our laboratory (39 RT-PCR. For RT-PCR analysis of PKG-1␣ RNA, HMC were grown in DMEM supplemented with 5% FBS on 100-mm dishes and washed twice in PSS. Total RNA of HMC was extracted with TRIzol Reagent (GIBCO/BRL). Total RNA (2 g) was reverse-transcribed by SuperScript III RNase H reverse transcriptase (Invitrogen). The primer pairs used for PKG-1␣ were 5Ј-TTCCGGAAGTTCAC-CAAGTC-3Ј (forward) and 5Ј-AGAGTCTTGACGGTCGCTGT-3Ј (reverse; GenBank accession no. D45864). The reaction conditions were as follows: 94°C (5 min); 35 cycles of 94°C (30 s), 58°C (1 min), 72°C (1 min); and 72°C (7 min). The RT-PCR products were run on a 1% agarose gel and visualized under a UVP imager.
Western blot analysis of PKG-I␣, P-Ser-TRPC4, and P-Ser239-VASP. Western blotting was used for the detection of PKG-1␣ and P-Ser239-VASP. For the detection of PKG-1␣, total protein was isolated from confluent HMC. To analyze the 8-Br-cGMP-induced phosphorylation of VASP, confluent HMC were serum deprived (0.5% FBS DMEM) for 48 h and then exposed to 8-Br-cGMP (100 M) at different time intervals. For Western analysis of both PKG-1␣ and P-Ser239-VASP, the cells were washed twice in ice-cold PBS and incubated for 30 min on ice in lysis buffer containing 10 mM Tris ⅐ HCl (pH 7.4), 100 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM NaF, 20 mM Na 4P2O7, 2 mM sodium vanadate, 1% Triton X-100, 10% glycerol, 0.1% SDS, 0.5% deoxycholate, 1 mM phenylmethylsulfonyl fluoride, and a proteinase inhibitor cocktail. After sonication, cell lysates were centrifuged at 12,500 g for 25 min at 4°C. The supernatant was collected, and protein concentration was determined using the BSA protein assay. For each lane, 50 g of total protein in 2ϫ sample buffer was boiled for 3ϳ5 min and then subjected to a 12.5% of SDS-PAGE followed by transfer to a polyvinylidene difluoride membrane. The blot was incubated with blocking buffer (5% nonfat dry milk in TBS-Tween 20 buffer) for 1 h at room temperature.
Phosphorylation of TRPC4 was analyzed using anti-phosphoserine (Sigma) after HMC were serum starved (0.5% FBS DMEM) and treated with 100 M 8-Br-cGMP for 5, 10, 15, and 30 min.
The primary antibodies for P-Ser239-VASP (mouse anti-P-Ser239-VASP monoclonal IgG, 1 g/ml, Upstate) and PKG-1␣ (goat anti-PKG-1␣ polyclonal IgG, 1:200, Santa Cruz) were applied to probe the membranes overnight at 4°C. The blots were washed for 5 min three times in TBS-Tween 20 at room temperature and then incubated with horseradish peroxidase (HRP)-conjugated goat anti mouse IgG, (1: 2,500, Pierce) for P-Ser239-VASP and HRP-conjugated donkey antigoat IgG (1:5,000, Santa Cruz) for PKG-1␣ (1 h at room temperature). The membrane was washed three times in TBS-Tween 20, exposed to the Supersignal West Femto Substrate (Pierce), and visualized under the UVP imager. For detection of VASP and internal control (␤-actin), the membrane was stripped in stripping buffer for 15 min at 37°C and reprobed separately with primary antibodies (goat anti-VASP polyclonal IgG, 1:200 and goat anti-actin polyclonal IgG, 1:200, Santa Cruz.) The secondary antibody was donkey anti-goat HRP-conjugated IgG (1:5,000, Santa Cruz).
Immunocytochemical staining. For immunocytochemical staining, human mesangial cells were grown on sterile glass coverslips. Cells were washed twice in PSS and fixed with 4% formaldehyde for 15 min at room temperature, followed by being thoroughly rinsed three times with PBS. Permeabilization was carried out with methanol for 10 min at room temperature. After being washed three times with PBS, cells then were incubated with 1% BSA in PBS for 1 h at room temperature to block nonspecific binding sites. This was followed by incubation with goat anti-PKG-I␣ (1:50, Santa Cruz), rabbit anti-PSer239-VASP (1:50. Upstate), rabbit anti-VA (1:50, Abcam or goat anti-Trpc4 (1:50, Santa Cruz) overnight at 4°C. Nonimmune goat and rabbit IgG were applied in place of the primary antibody for negative controls. Cells were then washed three times and then incubated with Alexa-488 conjugated donkey anti-goat IgG (1:400, Santa Cruz), Alexa-594-conjugated donkey anti-goat, or Alexa-488-conjugated donkey anti-rabbit for 1 h at room temperature, followed by nuclear staining with Hoechst 33258 for 10 min at room temperature. After being washed three times, the cells were mounted with mounting media and viewed with a Leica fluorescent microscope. Pictures were taken with an Optronics digital camera.
Coimmunoprecipitation. Human glomerular mesangial cells were grown in the DMEM medium supplemented with 5% FBS until the cells reached confluence. After being serum starved for 48 h (0.5% DMEM), HMC (P6 ϳ P9) were treated with 8-Br-cGMP (100 M) in 10 mM Tris for 10 min. HMC were then harvested in the lysis buffer (100 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM NaF, 20 mM Na 4P2O4, 2 mM sodium vanadate, 1% Triton X-100, 1 mM PMSF, 10% glycerol, 0.5% deoxycholate). Five hundred micrograms of total cell lysates were incubated with mouse monoclonal P-Ser239-VASP IgG (1 g/ml, Upstate) overnight at 4°C, followed by pull-down with washed protein G agarose beads 40 l (Upstate) for 2 h at 4°C. For a negative control, the cell lysates were incubated with protein agarose G beads in the absence of anti-P-Ser239-VASP IgG. The cell lysates were separated by running a 7.5% acrylamide gel, followed by transferring of the separated protein on the polyvinylidene difluoride membrane. Immunoblotting was probed with polyclonal goat TRPC4 IgG (1 g/ml, Santa Cruz). Regular Western blot analysis for TRPC4 was performed as a positive control. The results were visualized by incubating the blot with HRP-conjugated donkey anti-goat IgG (1: 5,000, Santa Cruz) and developing the pictures with Supersignal West Femto Substrate (Pierce). The experiments were duplicated.
To determine whether unphosphorylated VASP associated with TRPC4, the HMC were serum starved for 48 h, placed in either 8-Br-cGMP or control media for 10 min, and lysed. The lysates were placed in a column that contained anti-VASP antibody (1:20, Calbiochem) and incubated at 4°C overnight. The anti-VASP antibody is specific only for unphosphorylated VASP. The unbound protein, final wash, and three elutions of the bound protein were run through a gel and stained using the Coomassie protein stain to detect any proteins present in the samples. The samples were then analyzed using a Western blot procedure and blotted with either TRPC4 antibody (1:200, Santa Cruz) or VASP antibody (1:200, Santa Cruz).
Materials. Thapsigargin, 8-Br-cGMP, and DT-3 were obtained from Calbiochem with 8-Bromo cGMP (100 M) in 10 mM Tris for 10 min. SNP was obtained from Sigma.
Statistical analysis. Differences among data groups was determined by using one-way ANOVA plus a Student-Newman-Keuls test, with P Ͻ 0.05 being considered significant. Data are reported as means Ϯ SE; n ϭ number of cells.
RESULTS

Effects of NO-cGMP signaling on SOC.
The fura 2 ratiometric method of measuring [Ca 2ϩ ] i was used to determine the effects of NO and the cGMP second messenger pathway on the SOC activity of HMC. 8-Br-cGMPϩDT-3. In the control experiment (Fig. 1A) Figure 1B shows the effects of SNP (10 M) added 15 min before the application of thapsigargin. In the presence of SNP, thapsigargin evoked an increase in [Ca 2ϩ ] i of 130 nM (from 70 to 200 nM), and the SOC response was 50 nM (from 60 to 110 nM). These values were, respectively, 28 and 52% less than control. As shown in Fig. 1C , the application of 100 M 8-Br-cGMP 10 min before measurement of [Ca 2ϩ ] i , reduced the SOC response by 80% to a value of 15 nM. Application of Br-cGMP plus DT-3 (1D), a peptide inhibitor of PKG-1␣, resulted in an SOC response near the control value of 100 nM.
The illustrated experiment (see Fig. 1B ) showed a lower magnitude of the thapsigargin-evoked release of Ca 2ϩ from ER stores in the presence of NO. However, because the variability of the decrease was large, this effect did not reach statistical significance.
The bar graph in Fig. 2 ] i ,) which was 110 Ϯ 10 nM in control, was significantly attenuated to 55 Ϯ 10 nM (n ϭ 8) in the presence of SNP. Similarly, application of 8-BrcGMP reduced SOC to a mean value of 58 Ϯ 15 nM (n ϭ 9), which was also significantly less than control. Addition of DT-3 (2.5 M)ϩ100 M 8-Br-cGMP reversed the effects of 8-Br-cGMP to a value of 115 Ϯ 10 nM, which was significantly greater than the mean values for the effects of SNP and 8-Br-cGMP on SOC, but not different from the control value. Application of 100 M 8-Br-cAMP did not significantly reduce the SOC response (95 Ϯ 20 nM, n ϭ 5).
Detection of PKG-1␣ in HMC.
Previously published pharmacological evidence argues for the presence of PKG in HMC (11, 41, 42, 54) . However, the expression of PKG-1␣ at the message or protein levels in HMC has not been reported. As shown in Fig. 3A , PKG-1␣-specific primers and RT-PCR detected mRNA at the correct size (310 bp) for our designed PKG-1␣ primers. Using Western blot analysis (Fig. 3B) , we detected a protein in HMC near the expected size (75 kDa) for PKG-1␣ which did not decrease with increasing passage number (passages 6 -9). Immunocytochemical staining (Fig. 3C) shows the presence of light PKG-1␣ staining throughout the cell. However, prominent staining was at or near the plasma membrane. VASP is phosphorylated by PKG-1␣ at Ser239. To demonstrate that the endogenous PKG-1␣ in HMC is functionally relevant in its response to 100 M 8-Br-cGMP, we determined with Western blotting the time course of 8-Br-cGMP-stimulated VASP phosphorylation at Ser239. As shown in Fig. 4A , exposure of serum-starved HMC to 8-Br-cGMP (100 M) for 5 min resulted in a substantial increase in P-Ser239-VASP. The expression of total VASP (all phosphorylated and unphosphorylated forms), relative to actin, did not change on addition of 8-Br-cGMP. As shown in Fig. 4B , addition of db-cAMP increased the phosphorylation of Ser157-VASP, a known PKA site, but did not cause the phosphorylation of Ser239-VASP. This confirms that Ser239-VASP in HMC is a specific PKG phosphorylation site. Consistent with the Western blot experiments, Fig. 4C shows that there is very light staining for P-Ser239-VASP in the absence of 8-Br-cGMP. However, staining appears intense after 10 min of 8-Br-cGMP application. Therefore, the Western blot and the immunocytochemical experiments show that mesangial VASP is phosphorylated at Ser239 after application of 8-Br-cGMP. Association of P-Ser239-VASP with TRPC4. It was previously shown that TRPC4 was a component of SOC in mouse MC in culture (60) . These experiments were repeated for HMC. As in the previous study, we used the Santa Cruz anti-TRPC4 for all Western blot analysis and immunocytochemical experiments. However, similar immunocytochemical results were obtained with anti-TRPC4 from Alomone (not shown).
As found for mouse mesangial cells, we detected TRPC4 transcript and protein using RT-PCR and Western blotting, respectively (not shown). After repeated attempts, we did not observe phosphorylation of TRPC4 (Western blot detection of anti-phosphoserine proteins) after application of 100 M 8-BrcGMP to HMC for 5, 10, 15, and 30 min.
Coimmunoprecipitation was used to determine the association between P-Ser239-VASP and TRPC4 after application of 100 M 8-Br-cGMP for 10 min. As shown in Fig. 5A , TRPC4 IgG recognized a protein associated with P-Ser239-VASP in HMC. However, as shown in Fig. 5B , in the absence of cGMP stimulation, TRPC4 IgG did not recognize a protein associated with VASP. Positive controls demonstrating the presence of unphosphorylated VASP in HMC in the absence and presence of 100 M cGMP are shown in Fig. 5C . These coimmunoprecipitation experiments show that TRPC4 associates with P-Ser239-VASP but not VASP, which is unphosphorylated at Ser239.
Coimmunocytochemical staining was used to confirm that P-Ser239-VASP, but not VASP, unphosphorylated at Ser239, was associated with TRPC4. As shown in Fig. 6A , costaining with anti-VASP and anti-TRPC4 yielded distinct red and green markers, but not a yellow merge, indicating that these proteins were unassociated. However, as shown in Fig. 6B , addition of 8-Br-cGMP for 10 min yielded a yellow merge of the HMC costained with anti-P-Ser239-VASP and anti-TRPC4. Therefore, both coimmunoprecipitation and coimmunocytochemical staining indicate that VASP that is PKG phosphorylated at Ser239, but not unphosphorylated VASP, is associated with TRPC4.
DISCUSSION
The results of this study show that SNP, an NO donor, and 8-Br-cGMP significantly attenuated the SOC response of mesangial cells. This effect was reversed by DT-3, an inhibitor of PKG-1␣. RT-PCR and Western blot experiments show that HMC contain endogenous PKG-1␣, and the immunocytochemical experiments showed that this enzyme is diffusely localized in the cytoplasm and plasma membrane. TRPC4, a component of the SOC in mesangial cells, was not directly phosphorylated after addition of 8-Br-cGMP. However, 8-BrcGMP resulted in the phosphorylation of VASP at Ser239, which was associated with TRPC4, a component of the SOC in mesangial cells. As shown by coimmunoprecipitation and coimmunocytochemistry, VASP that was not phosphorylated at Ser239 was not associated with TRPC4. The association of P-Ser239-VASP with TRPC4 suggests that PKG phosphorylation of VASP has a major role in regulating TRPC4/SOCmediated Ca 2ϩ entry in HMC. Effects of NO and cGMP on SOC. NO is a paracrine and autocrine hormone notable for its relaxant, antiproliferative, and antidedifferentiating effects on vascular smooth muscle cells. In most of its target cells, NO stimulates cytosolic guanylate cyclase which generates intracellular cGMP and stimulates PKG. Several studies have shown that PKG mitigates cellular contractile and proliferative activity by phosphorylating a variety of substrates involved in intracellular Ca 2ϩ metabolism. cGMP inhibits store-operated Ca 2ϩ entry in airway smooth muscle cells (2) , vascular endothelial cells (12, 35) , pancreatic acini (63) , and human hepatoma cells (29) . In human myofibroblastic hepatic stellate cells, C-type natriuretic peptide (which stimulates particulate guanylyl cyclase and elevates intracellular cGMP), inhibited growth and contraction by inhibiting SOC (58) .
Elevations in cell [Ca 2ϩ ] can also modulate cGMP generation. For example, Ca 2ϩ entry in the human myometrium increases iNOS-mediated NO production, which then inhibits further Ca 2ϩ entry through SOC via a negative feedback mechanism (63) . Thus Ca 2ϩ and cGMP signaling may constitute two reciprocal limbs of the signaling pathways that govern proliferation.
PKG-␣ in HMC. In vascular smooth muscle cells, PKG-1␣ is stimulated by NO-cGMP, which leads to relaxation (56) . In this study, PKG-␣ transcript and protein were identified in HMC by RT-PCR and Western blotting. Although several studies have implied with inhibitors that PKG may be present in MC (11, 54) , the present study is the first to identify PKG-1␣ in HMC. However, because PKG is often expressed at much lower levels than PKA, it is possible that addition of 8-BrcGMP cross-activated the more abundant PKA. We believe that 8-Br-cGMP specifically activates PKG-1␣ in HMC because 1) DT-3, which is a fairly specific inhibitor of PKG-1␣, reversed the 8-Br-cGMP-mediated inhibition of SOC activity; and 2) application of 8-Br-cGMP resulted in a fast phosphorylation of VASP at Ser239, a PKG-specific site. Thus we conclude that PKG-1␣ is present in HMC and is activated by application of 8-Br-cGMP.
VASP as an intermediary for cGMP-regulated SOC. cGMP regulates, via PKG activation, a variety of ion channels including large, Ca 2ϩ -activated K channels (54, 57, 67) , CFTR-Cl channels (59) , and TRPC3-SOC (34) . There are at least two potential PKG phosphorylation sites on TRPC4. However, repeated attempts could not demonstrate direct phosphorylation of TRPC4 by PKG-1␣, suggesting that an intermediary protein interacts with TRPC4 and is involved in decreasing TRPC4 activity.
VASP is a focal adhesion molecule highly expressed in mesangial cells (6) . VASP has a specific PKG-1␣ phosphorylation site at Ser239 (52) . That 8-Br-cGMP caused an increase in expression of P-Ser239-VASP within 5 min, without affecting VASP expression, indicates the selective activation of PKG.
We are not aware of another study showing an association of VASP with the TRP family of cation channels. However, the adaptor protein Homer forms a cross-linking complex with TRPC1 and IP3R (61, 64) . VASP contains the same Ena/VASP homology 1 (EVH1) domain of Homer (4), which interacts with IP3R in the cross-linking complex. It is tempting to speculate that VASP controls the SOC response in MC by cross-linking TRPC4/TRPC1 with IP3R. We hypothesize that, when PKG-1␣ phosphorylates VASP at Ser239, VASP associates with TRPC4 in the plasma membrane, causing TRPC4 to disengage from the protein complex that comprises the SOC machinery, thereby giving an attenuated SOC response. However, additional studies are required to test this hypothesis.
Although there was not a statistical difference, the initial thapsigargin-induced Ca 2ϩ release tended to be lower in the group that was exposed to 8-Br-cGMP. A decrease in Ca 2ϩ release would be consistent with the finding that VASP contains homology with the EVH1 of Homer, which binds IP3R. Significance. NO is antimitogenic and decreases focal adhesion proteins and collagen deposition in vascular smooth muscle as well as glomerular mesangial cells. A possible mechanism for the effects of NO is a reduction in Ca 2ϩ cell entry, which plays at least a permissive role in mitogenesis or hypertrophy. Kaur et al. (30) showed a reduction in NO-mediated phosphorylation of focal adhesion molecules of vascular smooth muscle. If the same holds true for mesangial cells, this could be a defensive mechanism used for preventing or counteracting cytokine-stimulated entry of Ca 2ϩ into mesangial cells, which would protect the glomerulus from progressive disease.
In conclusion, these data support the notion that NO, through its intracellular mediators, cGMP and PKG-1␣, increases the phosphorylation of Ser239-VASP, which associates with TRPC4 and inhibits store-operated Ca 2ϩ entry.
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